Abstract-This paper presents the application of the hybrid finite element-element free Galerkin (FE-EFG) method for the 11 forward and inverse problems of electrical impedance tomography (EIT). The proposed method is based on the complete 12 electrode model. Finite element (FE) and element free Galerkin (EFG) methods are accurate numerical techniques. However, 13 FE technique has meshing task problems and EFG method is computationally expensive. In this paper, the hybrid FE-EFG 14 method is applied to take both advantages of FE and EFG methods, the complete electrode model of the forward problem is 15 solved, and an iterative regularized Gauss-Newton method is adopted to solve the inverse problem. The proposed method is 
Introduction

Electrical impedance tomography (EIT) is an imaging technique with existing and potential applications in 24
engineering and medical problems. In this method, electric currents are injected into a conductive object through 
28
Image reconstruction in EIT includes forward and inverse problems. In the inverse problem, using the measured 29 and modeled data, the internal resistivity profile is estimated by minimizing a cost function in an iterative 30 procedure.
31
The EIT forward problem provides modeled data for comparing with experimental data in the inverse problem.
32
The ability of the forward model to produce the corresponding data efficiently plays a key role in the EIT. The solving EIT forward problems with non-homogeneous conductivity distributions on irregular domains. The FE 47 method requires discretization of the entire region into elements in a FE mesh. FE mesh generation and data pre-
48
processing sometimes are difficult and time-consuming, especially for three-dimensional irregular objects with 49 complex internal structure like heterogeneous biological tissues in the human head models. For instance, a human 50 head model was discretized into 155915 elements in the literature (Bayford et al 2001) . Furthermore, the 51 traditional FE method uses node connectivity or elements so the solution of the FE method can be affected by the 52 quality of a mesh, but mesh construction cannot always be completely automated (Šterk and Trobec 2008 
where u is the electric potential distribution, n is the outward unit vector which is normal to the boundary, the 1 l z is effective contact impedance between the l -th electrode and the 2D 
indicates the point x is on the boundary and is not under the electrodes. 4
Additionally, two other conditions are needed in the EIT forward problem based on the CEM. To ensure the 5 existence of a real solution, the first condition that should be satisfied is:
In order to ensure the uniqueness of the solution, the following condition is also employed:
In (Somersalo et al 1992) , it has been shown that the following
is the equivalent variational 10 problem of the EIT forward problem above:
12
In the proposed hybrid FE-EFG method, the domain Ω should be divided into two regions: an outer region 
18
The EFG discretization can be used for representing domains that has meshing tasks like moving parts or regions respectively. To impose (10) and (11) on the interface boundary, consider arbitrary functions
The weak form (7) can then be extended for the FE and EFG regions using a similar variational 25 technique introduced in (Hegen 1996) as follows: 
29
where the function λ is a Lagrange multiplier. To discretize the above equations, the functions U and λ should 30 be discretized. The voltage function U on the electrodes is approximated as: 31 
The function λ can be expressed as: 4 Substituting (8), (14) , and (17) into (12) and (9) and (17) into (13), and letting Û , and h λ , respectively: 11 (19) 
12
Where n is the number of unknowns ( 
19
where m e is the length of the m -th electrode in 2D. The expanded matrix forms of Ĩ , Solving the equation (19) 
EIT inverse problem
8
The EIT inverse problem is to determine the distribution of electrical resistivity by minimizing a cost function.
9
The following cost function which is a function of the difference between the measured potentials and the 10 calculated potentials is employed in this paper (Yorkey et al 1987) :
where ρ is the resistivity distribution vector, Vo is the measured potential vector, and f is the potential vector 16 
21
Using the iterative regularized Gauss-Newton method at the iteration k yields (Razmjoo et al 2010):
where R is a regularization matrix which could be an identity matrix and µ is a control parameter determining 
27
If the function ) (ρ E reaches a predetermined fixed value 0 E or iteration index be equal to a predetermined value 28 0 N , the iterative procedure is stopped. 29
Computation of Jacobian matrix
30
In this paper to calculate the Jacobian matrix, the standard method described in (Vauhkonen 1997 ) is used.
31
Assume, that the domain Ω is discretized with s N pixels with unknown resistivities to be determined, and the 32 resistivity distribution is piecewise constant. Differentiation of equation (19) 
is equal to zero and expanding the left hand side of (34) 
5
The Gaussian elimination method can be used to solve the resulting linear system of equation (36) 
Where U is the electrodes voltage vector predicted by the forward model and E is the reference electrodes The data set was collected using ACT3 system which an adaptive neighbouring current injection method was 9 applied (Isaacson et al 2004) . This system corresponds to an experiment performed on a chest phantom 10 containing agar heart and lungs suspended in a saline tank of radius 15 cm with 32 boundary electrodes of size 
15
The images were reconstructed with 328 polygon pixels contributing to the Jacobian. These pixels that are similar 
19
The CEM is used as forward model and the FE and the hybrid FE-EFG methods are used as forward solvers.
20
To use the CEM, we need to know the contact impedance of the electrodes. Since actual values were not 21 available to us, we assumed it to be constant and modelled the problem for different values of contact impedance.
22
We observed that a range of contact impedance is acceptable. We chose a constant value equal to 
